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METHOD AND APPARATUS FOR LINE CARD 
5 REDUNDANCY IN A COMMUNICATION SWITCH 

Technical Field of the Invention 

The invention relates generally to communication systems and more particularly 
to a method and apparatus for line card redundancy in switches used in such 
10 communication systems. 

Background of the Invention 

Communication between a calling party and a called party may be established 
over a communication network. Such a communication network may include a plurality 

15 of network switches that transport data. In typical cell-based and packet-based 

communication networks, these switches include a switch core and a number of line 
cards. Each of the line cards provides a communication link to another switch in the 
network. The switch core allows inputs received from one line card to be provided on the 
output of another line card. This flexible routing of data allows for efficient 

20 communication between the various switches in the network. 

In operation, line cards within a switch may experience faults or other errors that 
cause the hne card to fail. In such instances, it is desirable to have a redundant line card 
that can be switched into an active mode and utilized to insure that data communication 
with the network is not interrupted. However, in order to provide a redundant line card 

25 for each line card in the system, prior art systems required that the effective bandwidth of 
the overall switch be cut in half This is due to the fact that switch cores within the 
switch are only able to couple to a Hmited number of line cards. As such, if redundant 
line cards are included in the system, some of the coupling capabilities of the switch core 
will be consumed by these redundant line cards. As the redundant line cards are only 

30 utilized in the event of a problem with the normally active line cards, the bandwidth of 
the overall switch is effectively halved. 



Another prior art solution includes an additional switch core in the system, where 
the additional switch core is coupled to a complete array of line cards. These line cards 
are coupled to the external data connections in the same manner as the Une cards of the 
original switch core. When an error occurs with one of the line cards coupled to the 

5 original switch core, the entire system switches over to utilize the additional switch core 
provided in the system. However, this transition effectively eliminates any future 
redundancy for all of the line cards in the system. In addition to this, includmg an 
additional switch core within the switch adds to the cost and complexity of the switch. 
Therefore, a need exists for a method and apparatus for providing line card 

1 0 redundancy in a communication switch without reducing the effective bandwidth of the 
switch. 

Brief Description of the Drawings 

Figure 1 illustrates a prior art communication switch; 
1 5 Figure 2 illustrates a block diagram of a communication switch in accordance 

with the present invention; 

Figure 3 illustrates a block diagram of a line card manager in accordance with the 

present invention; 

Figure 4 illustrates a block diagram of a cell that may be used in conjunction with 

20 the switch of Figure 2; 

Figure 5 illustrates a block diagram of another Ime card manager in accordance 

with the present invention; and 

Figure 6 illustrates a flow diagram of a method for managing line cards in 
accordance with the present invention. 

25 

Detailed Description of a Preferred Embodiment 

Generally, the present invention provides a method and apparatus for line card 
redundancy in a communication switch. An arbiter is coupled to the input of the switch 
core where a single line card would be coupled in a prior art solution. The arbiter in turn 
30 is coupled to a line card pair where a first line card of the line card pair is considered an 
active line card, whereas the second hne card of the line card pair is considered the 
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redundant, or inactive, line card. The active and inactive line cards are determined based 
on selection information received by the arbiter. Based on the selection information, the 
arbiter preferentially provides ingress data from the active line card to the corresponding 
input of the switch core. A router is coupled to the line card pair and to an output of the 
5 switch core. The router passes egress data from the switch core to at least one of the first 
and second line cards based on routing information included in the egress data. By 
enabling an input and output of the switch core to couple to more than one line card, 
redundancy can be established without removing effective bandwidth from the 
communication switch. If a failure on an active line card or other error occurs, selection 
10 information can be provided to the arbiter to indicate that it should pass ingress data from 
the newly activated, formerly redundant line card. 

The invention can be better understood with reference to Figures 1-6. Figure 1 
illustrates a switch core 10 operably coupled to a pluraUty of line cards 20-35. Each of 
the Une cards provides ingress data to the switch core 10 and receives egress data from 
1 5 the switch core 10. In this prior art solution, the redundancy only exists if only a portion 
of the line cards is used as active line cards at any one time. Thus, if line card 20 is 
designated an active line card, and fails for some reason, Une card 21 may be utiUzed as a 
replacement for the defective line card. Although this may allow the switch to continue 
operating, it effectively halves the bandwidth of the switch in operation. 
20 Figure 2 illustrates a switch that provides redundancy yet does not compromise 

any bandwidth. The system includes the switch core 10, a plurality of line card managers 
50-65, a plurality of active line cards 70-85, and a plurality of initially redundant line 
cards 90-105. Each of the Une card managers 50-65 allows the switch core 10 to couple 
to a pair of line cards. One line card of the line card pair is designated as an active line 
25 card, which may be the line cards 70-85. The active line card will be utiUzed until some 
fault or error causes the line card manager to switch from the active line card to the 
formerly inactive Une card. Thus, the line cards 90-105 are initially set up as inactive line 
cards and are provided for redundancy. 

The switch core 10 of Figure 2 is preferably a NxN switch core that has N inputs 
30 and N outputs. The switch core 1 0 passes data received from the inputs to the outputs 
based on routing tags. More preferably, the switch core 10 is a 16x16 switch core that. 
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through the use of the line card managers 50-65, is able to couple to 32 line cards. For 
other values of N, the number of line cards to which the switch core is able to couple is 
preferably equal to (2 * N). The redundant line card switch illustrated in Figure 2 may be 
utilized in either a cell-based or a packet-based network, and most preferably is utiUzed 
5 in an asynchronous transfer mode (ATM) network. 

Figure 3 illustrates a more detailed view of the line card manager 50 coupled to 
line cards 70 and 90. The line card manager 50 includes an arbiter 1 10, a router 120, and 
preferably includes abuffer 130 and filters 140 and 142. The arbiter 110 is operably 
coupled to the first line card 70 and the second line card 90. The arbiter 1 10 is also 
10 coupled to an input 170 of the switch core. The arbiter provides ingress data received 
from one of the first and second line cards to the corresponding input of the switch core 
based on selection information 160. Preferably, the selection information 160 determines 
an active line card from the first and second line cards 70 and 90. The arbiter will 
preferentially pass the data from the active line card before it passes inactive line card 
1 5 data. More preferably, the arbiter 1 1 0 will only pass inactive line card data when idle 
cells or packets are included in the active line card data. 

Although the amount of data passed by the inactive line card is preferably 
minimal, enough data may be permitted to pass from the inactive line card to perform 
diagnostic and other low bandwidth applications. In order to insure that some inactive 
20 line card data is passed through to the switch core input 170, the active line card may 
intentionally insert idle cells into its data stream. 

A buffer 130 may be included in the system upstieam from the arbiter 1 10 such 
that data cells from the line cards 70 and 90 can be held until it is possible for the arbiter 
110 to pass them to the switch core input 170. Preferably, the buffer 130 includes a first- 
25 in/first-out (FIFO) buffer corresponding to each of the line cards. The FIFO 132 will 
buffer ingress data received from the line card 70, whereas the FIFO 134 will buffer 
ingress data received from the line card 90. The size or capacity of the FIFOs may be 
determined based on whether the line card to which the FIFO corresponds is normally 
utiUzed as the active or inactive line card. If the line card is typically inactive, the FIFO 
30 may be smaller tiian that of the active line card. More preferably, the FIFO 

corresponding to the inactive line card may be sized based on the number of idle cells 
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typically passed by the active line card, as this determines how often data from the 
inactive FIFO will be passed to the switch core. 

Filters 140 and 142 may also be included in the ingress datapath of the line cards 
70 and 90. The filters 140 and 142 are preferably configured by a filter configuration 

5 block 1 50. The fihers 140 and 142 may be used to insure that only relevant data from the 
line cards 70 and 90 is presented to the buffer 130. More preferably, the filters 140 and 
142 are configured based on their coupling to an active or inactive line card such that a 
filter corresponding to an active line card passes data that is expected to be passed 
through to the switch core input 170. A filter corresponding to an inactive line card will 

10 most likely filter out the maj ority of data, only passing data relevant to diagnostic or other 
low bandwidth applications. In order to configure the filters in such a manner, registers 
may be included in the filter configuration block 150 that are selected and used to 
configure the filters 140 and 142 based on whether they couple to an active or mactive 
line card. Thus, the selection information 160 may be routed to the filter configuration 

15 block 150 such that it selects either an active setting register 150 or an inactive setting 
register 154 to configure a particular filter. 

The determination of whether or not a filter will pass a certain data cell or packet 
may be based on the data type of the received data cell. The data type may indicate 
whether the data would be relevant to an active line card or an inactive line card. 

20 Referring to Figure 4, the data type is preferably determined based on a type field 
included in the header of a data cell or packet. Figure 4 shows a data cell 200 that 
includes a cell header 210 and a payload 202. Included in the cell header 210 is a type 
field 212 that may be used by the filters 140 and 142 to determine whether or not the data 
cell should be passed through to the buffer 130. Thus, the active and inactive settings 

25 152 and 1 54 configure the filters 140 and 142 such that they pass selected data types and 

reject other data types. 

Returning to Figure 3, egress data from the switch core output 180 is directed by 
the router 120 to one or more of the line cards 70 and 90. Preferably, the router 120 will 
redirect the egress data to both of the line cards 70 and 90 such that if a problem does 
30 occur, the fransition from one line card to the other will be smooth. In order to determine 
to which of the line cards 70 and 90 to provide the egress data, the router 120 examines 
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routing information included in the egress data. Preferably, a bit is included in the header 
of the egress data cells that corresponds to each of the line cards, and when a bit is set to 
a valid state, the router 120 will provide the egress data to the particular line card 
corresponding to that bit. 

Returning to Figure 4, it can be seen that the cell header 210 includes a first bit 
214 and a second bit 216. In one embodiment, the fu-st bit 214 corresponds to the line 
card 70, and the second bit 216 corresponds to the line card 90. When the first bit is set 
to a valid state, egress data will be passed to the line card 70, and when the second bit 
216 is set to a valid state, egress data will be passed to the line card 90. This enables data 
to be selectively passed to one or both of the line cards 70 and 90. 

In another embodiment, the first bit 214 is known to correspond to the active line 
card, whereas the second bit 216 is known to correspond to the inactive line card. Thus, 
when the first bit 214 is set, the egress data will be passed to the active line card, which 
may be line card 70 or 90 based on the selection information 160. Similarly, the second 
bit 216 will correspond to the inactive line card as determined by the selection 
information 160. Thus, if the first bit in this embodiment were set to a vahd state, the 
data would be passed to the active Une card and if the second bit 216 is set, the data is 
passed to the inactive line card. 

It should be noted that in both embodiments that use the two-bit routing 
information to control distribution of the egress data, data can be provided to either one 
of the line cards 70 or 90 or to both of the line cards 70 and 90 based on the settings of 
the two bits. This is preferable to utilizing a single bit to determine which of the line 
cards is provided with the egress data, where one bit state corresponds to one line card 
and the other bit state corresponds to the other Une card. Such an embodiment would 
only allow the egress data to be passed to one or the other of the line cards, which may 
not be desirable. 

Although the preferred embodiment of Figures 2 and 3 illustrates one redundant 
line card for each active line card in the system, in order to conserve resources, a single 
line card may be used as the redundant line card for more than one active line card. 
Figure 5 illiistrates an embodiment that includes three line cards 570, 580, and 590 that 
are coupled to two switch core inputs 670 and two switch core outputs 680. The line cai 



6 



manager 550 is used control the flow of ingress and egress data between the line cards 
570, 580, and 590 and the switch core inputs 670 and outputs 680. In the example 
illustrated, the line card 570 is preferably the active line card coupled to the input [0] of 
the switch core. Similarly, the line card 590 is preferably the active line card coupled to 
5 the switch core input [1]. These line cards are also coupled to receive the corresponding 
egress data from the respective switch core outputs 680. 

The line card 580 is included in the system as a redundant line card which is 
shared by the line cards 570 and 590. In order to utiHze the line card 580 as a shared 
redundant resource, an arbiter 610 is included that is operably coupled to all three of the 
10 line cards 570, 580, and 590. The arbiter 610 determines which of the line cards are 
active based on selection information 660 and routes ingress data from these active line 
cards to the corresponding switch core inputs 670. Similarly, the router 620 determines 
which of the line cards 570, 580, and 590 are to receive egress data corresponding to two 
of the outputs from the switch core. In the embodiment illusfrated, a two-bit quantity 
1 5 may still be included as routing information in the header, wherein the two-bit quantity 
selects between the active line card for an output and the shared redundant line card. Data 
cells corresponding to one of the active line cards may be provided to the shared line 
card, such that if that particular active line card fails, the fransition will be smooth. In the 
case where the other active line card fails, the changeover to the redundant line card may 
20 require some type of initialization or start-up operations. Alternatively, a three-bit 
quantity may be included as routing information in the header of a cell such that the 
router 620 may distribute a particular data cell to any one or more of the three line cards 
based on this routing information. 

As before, the ingress data path preferably includes a buffer 130 that may include 
25 individual FIFOs 632, 634, and 636 corresponding to each of the ingress data paths. 
Similarly, filters 640, 642, and 644 may be included in the ingress data paths such that 
ingress data is passed based on its data type as determined by the type field in the cell 
header. As before, these filters may be configured using a filter configuration block 650 
that includes active and inactive settings that are preferably stored in registers 652 and 
30 654. 
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It should be noted that the ratio of active Une cards to redundant hne cards should 
be based on the particular network in which the line cards are utihzed, and the example 
illustrated in Figure 5 is merely for illustration purposes. Thus, three active line cards 
may share a smgle redundant line card, or five line cards may share three redundant line 
cards, etc. Similarly, in the embodiment illustrated in Figure 2, all of the line cards in the 
system may not include a redundant line card, such that only a portion of the line cards in 
a particular switch have a potential for a redundant back-up. 

Figure 6 illustrates a flow diagram of a method for managing line cards in a 
system that includes redundant line cards. The method begins at step 300 where data is 
received from a first line card and a second line card. As was described with respect to 
Figures 3 and 5, the ingress data may be filtered at step 302 based on its data type. At 
step 304, the ingress data is buffered. Preferably, this is accomplished using FIFOs as 
was described earlier. The filtering performed at step 302 can insure that only relevant 
inactive line card data is passed through to the inactive line card buffer, which may be of 
limited size. This enables diagnostics information of a certain data type to be passed 
through and buffered without being overwhelmed and pushed out of the limited sized 
buffer by other data types. 

At step 306, ingress data is selected firom the received data based on an active 
select signal. The active select signal determines an active line card and an inactive line 
card from the first and second line cards. Preferably, the ingress data is selected based on 
step 308, such that active line card data is preferentially selected over inactive line card 
data. Thus, as was described earher, the line card data corresponding to the active line 
card will be passed unless idle data cells are included in the data stream, in which case 
inactive line card data may be allowed to trickle through. This small amount of 
bandwidth provided to the inactive line card may allow for diagnostics or other low 
bandwidth appUcations to be maintained. 

At step 310, the ingress data is provided to an input of the switch core. As before, 
the switch core preferably includes a plurahty of inputs and a plurality of outputs where 
data received on the inputs is passed to any one of the outputs based on routing tags 
included in the data cells. 



8 



At step 314, egress data is received from an output of the switch core. At step 
314, this egress data is selectively provided to at least one of the first and second line 
cards based on routing information included in the egress data. Preferably, the routing 
information included in the egress data is a two-bit quantity, where one bit corresponds to 
5 one of the Une cards and the bit corresponds to the other line card. In one embodiment, 
the first bit will correspond to a particular Une card, whereas in another embodiment, the 
first bit will correspond to the active line card. Similarly, the second bit will either 
correspond to another particular line card or to the inactive line card. Note that the 
ordering of these two bits is arbitrary. When a bit is set to the active state, the egress data 
1 0 will be passed to the line card to which it corresponds. 

The present invention overcomes the limitations of the prior art, which forced a 
reduction in effective bandwidth of a switch when redundant line cards were included. In 
a prior art implementation that included 16 line cards coupled to a 16x16 switch core, 
only eight of the Une cards could be active, and the other eight were regulated to 
1 5 redundant status. This is inefficient use of bandwidth in the system, and increases costs 
in packet- and cell-based networks. 

The present invention allows for a means to couple 32 fiiU-capacity line cards to a 
smgle 16x16 switch core. The ingress data to a particular input of the 16x16 switch core 
is selected firom two line card inputs, each of which includes a FIFO for buffering 
20 purposes. An active line card is chosen from the two Une cards, and an arbiter is included 
which preferentially passes data from the active line card. Preferably, the arbiter only 
passes inactive Une card data when idle data cells are included in the active Une card data 
stream. 

Thus, the present invention allows for line card redundancy without 
25 compromising overall bandwidth of a switch. It should be understood that the 

implementation of other variations and modifications of the invention in its various 
aspects should be apparent to those of ordinary skill, and that the invention is not limited 
to the specific embodiments described. It is therefore contemplated to cover by the 
present invention, any and all modifications, variations, or equivalents that faU within the 
30 spirit and scope of the basic underlying principles disclosed and claimed herein. 
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Claims 



WHAT IS CLAIMED IS: 
1 . A switch, comprising: 

a switch core, wherein the switch core has a plurahty of inputs and a plurahty of 
outputs, wherein the switch core passes data received on the plurahty of inputs to the 
plurality of outputs based on routing tags; and 

a plurality of line card managers operably coupled to the switch core and adapted 
to couple to a plurality of line card pairs, wherein each line card manager includes: 

an arbiter that couples to a first line card and a second line card of a line 
card pair, wherein each hne card manager couples to a different line card pair, 
wherein each arbiter is operably coupled to a corresponding input of the plurality 
of inputs of the switch core, wherein the arbiter provides ingress data from one of 
the first and second line cards to the corresponding input to the switch core based 
on selection information; and 

a router operably coupled to a corresponding output of the plurahty of 
outputs of the switch core, wherein the router couples to the first Une card and the 
second line card, and wherein the router provides egress data from the 
corresponding output to at least one of the first and second line cards based on 
routing information included in the egress data. 

2. The switch of claim- 1 , wherein each line card manager further comprises 
buffering circuitry operably coupled to the arbiter, wherein the buffering circuitry buffers 
ingress data from the first and second line cards, wherein the arbiter provides ingress data 
from the buffering circuitry to the switch core based on the selection information. 
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3 . The switch of claim 2, wherein the buffering circuitry further comprises a first 
buffer and a second buffer, wherein the first buffer couples to the first line card, wherein 
the second buffer couples to the second line card, and wherein the first and second 
buffers are first in first out buffers. 

5 

4. The switch of claim 1 , wherein the selection information determines an active line 
card of the line card pair and an inactive line card, wherein the arbiter preferentially 
passes active line card data over inactive line card data. 

10 5. The switch of claim 4, wherein when idle states are present in the active line card 
data, the arbiter passes inactive line card data, 

6. The switch of claim 4, wherein the routing information included in the egress data 
further comprises a first bit and a second bit, wherein when the first bit is active the 

15 egress data is provided to the active line card, and wherein when the second bit is active, 
the egress data is provided to the inactive line card 

7. The switch of claim 4, wherein each line card manager further comprises filters 
operably coupled to the arbiter, wherein the filters pass selected data types and reject 

20 other data types. 

8. The switch of claim 7, wherein filters are configured based on a register that 
determines the selected data types. 

25 9. The switch of claim 8, wherein each line card manager includes an active register 
and an inactive register, wherein the active register configures a filter corresponding to 
the active line card, and the inactive register configures a filter corresponding to the 
inactive line card. 

30 10. The switch of claim 1 , wherein the routing information included in the egress data 
further comprises a first bit and a second bit, wherein when the first bit is active the 
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egress data is provided to the first line card, and wherein when the second bit is active, 
the egress data is provided to the second hne card. 

1 1 . The switch of claim 1 , wherein the switch core further comprises a NxN switch 
5 core and the plurality of line cards includes 2N line cards. 

12. The switch of claim 1 further comprises a switch for use in a cell based network. 

13. The switch of claim 1 further comprises a switch for use in a packet based 
10 network. 

14. The switch of claim 13 further comprises an asynchronous transfer mode switch. 
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15. A switch, comprising: 



a switch core, wherein the switch core has a plurality of inputs and a plurality of 
outputs, wherein the switch core passes data received on the plurality of inputs to the 
5 plurality of outputs based on routing tags; and 

a plurahty of line card managers operably coupled to the switch core, wherein 
each line card manager includes: 



10 an arbiter that couples to a plurality of line cards, wherein each line card 

manager couples to a different plurality of line cards, wherein each arbiter is 
operably coupled to a corresponding portion of the plurality of inputs of the 
switch core, wherein quantity of line cards to which a line card manager couples 
is greater than quantity of inputs to which the line card manager is coupled, 

15 wherein the arbiter provides ingress data from a line card of the plurality of line 

cards to which it couples to each input to which it is coupled based on selection 
information; and 

a router operably coupled to a corresponding portion of the plurality of 
20 outputs of the switch core, wherein the router couples to the plurality of line 

cards, wherein the router provides egress data from each output of the 
corresponding portion of the plurality of outputs to at least one of one of the 
plurality of line cards based on routing information included in the egress data. 

25 1 6, The switch of claim 15, wherein each line card manager ftirther comprises 

buffering circuitry operably coupled to the arbiter, wherein the buffering circuitry buffers 
ingress data from the plurality of line cards to which the line card manager couples, 
wherein the arbiter provides ingress data from the buffering circuitry to the switch core 
based on the selection information. 

30 
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17. The switch of claim 1 , wherein the selection information determines active line 
cards and inactive line cards of the plurality of line cards, wherein the arbiter 
preferentially passes active line card data over inactive line card data. 



O 

m 
m 

SI 

m 
u 

O 

w 
ru 



14 



18. A method for managing line cards in a system that includes redimdant line cards, 
comprising: 

selecting ingress data from data received from a first line card and a second line 
5 card, wherein selecting is based on an active select signal, wherein the active select signal 
determines an active line card and an inactive line card from the first and second line 
cards; 

providing the ingress data to an input of a switch core, wherein the switch core 
1 0 includes a plurality of inputs and a plurality of outputs; 

receiving egress data from one of the plurahty of outputs of the switch core; and 

selectively providing the output data to at least one of the first and second line 
1 5 cards based on routing information included in the egress data. 

19. The method of claim 18 further comprises buffering the data received from the 
first and second line cards prior to selecting the ingress data, 

20 20. The method of claim 19 fiirther comprises filtering the data received from the first 
and second line cards based on which is the active line card. 

21 . The method of claim 20, wherein selecting the ingress data fiirther comprises 
preferentially selecting active line card data over inactive line card data, wherein inactive 

25 line card data is selected when idle data is provided by the active line card. 

22. The method of claim 21, wherein selectively providing the egress data fiirther 
comprises providing the egress data based on a first bit and a second bit, wherein when 
the first bit is active, the egress data is provided to the first line card, and wherein when 

30 the second bit is active, the egress data is provided to the second line card. 
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23 . The method of claim 21 , wherein selectively providing the egress data further 
comprises providing the egress data based on a first bit and a second bit, wherein when 
the first bit is active, the egress data is provided to the active line card, and wherein when 
the second bit is active, the egress data is provided to the inactive line card. 
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METHOD AND APPARATUS FOR LINE CARD 
REDUNDANCY IN A COMMUNICATION SWITCH 



Abstract of the Invention 

5 A method and apparatus for line card redundancy in a communication switch is 

presented. The switch includes an arbiter coupled to the input of a switch core and a line 
card pair. The first line card of the line card pair is considered an active line card, 
whereas the second line card of the line card pair is considered the redundant, or inactive, 
line card. The active and inactive line cards are determined based on selection 
10 information received by the arbiter. Based on the selection information, the arbiter 

preferentially provides ingress data from the active line card to the corresponding input of 
the switch core. A router is coupled to the line card pair and to an output of the switch 
core. The router passes egress data fi-om the switch core to at least one of the first and 
second line cards based on routing information included in the egress data. 
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DECLARATION 
FOR UTILITY OR DESIGN 
PATENT APPLICATION 
(37 CFR 1.63) 

□ Declaration Submitted with Initial Filing, OR 

□ Declaration Submitted after Initial Filing 
(surcharge (37 CFR 1,16 (e)) required) 



Attorney Docket Number 1400.41002090 
First Named Inventor Janoska, et al 

COMPLETE IF KNOWN 
Application Number 
Filing Date 
Group Art Unit 
Examiner Name 



As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the 
invention entitled: 

METHOD AND APPARATUS FOR LE^IE CARD REDUNDANCY IN A COMMUNICATION SWITCH 
the specification of which: 
Q is attached hereto. 

□ was file on (MM/DDA^YY) as United States Application Number or PCT International Application 
Number and was amended on (MM/DDA^YY) (if appHcable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the 
claims, as amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defmed in 37 CFR 1 .56. 

I hereby claim foreign priority benefits under 35 U.S.C, 1 19(a)-(d) or 365(b) of any foreign application(s) for patent or inventor's certificate or 365(a) 
of any PCT international application which designated at least one country other than the United States of Amenca, listed below and have also 
identified below, by checking the box, any foreign application for patent or inventor's certificate, or of any PCT international application having a 
filing date before that of the application on which priority is claimed. 



Prior Foreign 
Application Number(s) 



Country 



Foreign Filing Date 
(MM/DP/YYYY) 



Priority Not 
Claimed 



Certified Copy Attached? 
YES NO 



□ □. 



□ □ 



□ Additional foreign application numbers are hsted on a supplemental priority data sheet PTO/SB/02B attached hereto. 



I hereby claim the benefit under 35 U.S.C. 1 19(e) of any United States provisional application(s) Hsted below. 
Application Number(s) | Filing Dat a (MM/DD/YYYY) 



□ Additional provisional application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 

I hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application designating the 
United States of America, Hsted below and, insofar as the subject matter of each of the claims of this application is not disclosed m the pnor United 
States or PCT International application in the manner provided by the first paragraph of 35 U.S.C. 112, 1 acknowledge the duty to disclose 
information which is material to patentabiHty as defined in 37 CFR 1.56 which became available between the filing date of the pnor apphcatton and 
the national or PCT international filing date of this application. 



U,S. Parent Application or PCT 
Parent Number 



Parent Filing Date 
(MM/DD/YYYY) 



Parent Patent Number 
(if applicable) 



□ Additional U.S. or PCT international application numbers are listed on a supplemental pnority data sheet PTO/SB/02B attached hereto. 



As a named inventor, I hereby appoint the following registered practitioner(s) to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith: 



Name 


Registration Number 


Name 


Registration Number 


Timothy W. Markison 


33,534 


Christopher J. Reckamp 


34,414 


Paul M, Anderson 


39,896 


J. Gustav Larson 


39,263 











I I Additional registered practitioner(s) named on supplemental Registered Practitioner Information sheet PTO/SB/02C attached hereto. 



Direct all correspondence to: Markison & Reckamp, P,C, 

175 West Jackson Boulevard - Suite 1015 
Chicago, Illinois 60604 
Telephone:312-939-9800 
Facsimile: 312-939-9828 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonmentj or both, under 18 U.S. C. 1001 and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 



Name of Sole or First Inventor: Q A petition has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 


Family Name or Smname 


Mark William 


Janoska 


Inventor*s 
Signature 


Date 




Residence 


City:CarIeton Place state: Ontario Country: Canada 


Citizenship: Canada 


Post Office Address 350 Bridge Street 


City: Carleton Place State: Ontario ZIP: K7C 3J1 Country: Canada 



Name of Additional Joint Inventor: □ A petition has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 


Family Name or Surname 


Henry 


Chow 


Inventor*s 
Signature 


Date 




Residence 


City:Kanata state: Ontario Country: Canada 


Citizenship: Canada 


Post Office Address 60 Beamish Crescent 


City: Kanata state: Ontario ZIP: K2K 2R7 Country: Canada 



Name of Additional Joint Inventor: Q A petition has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 


Family Name or Surname 






Inventor's 
Signature 




Date 




Residence 


City: 


State: 


Country: 


Citizenship: 


Post Office Address 




City: 


State: 


ZIP: 


Country: 



I I Additional inventors are being named on the _supplemental Additional Inventor(s) sheet(s) PTO/SB/02A attached hereto. 



